The data presented in this report show that the enveloped Mycoplasmatales virus MVL2 is capable of interferon induction in sheep peripheral blood lymphocytes. The phenomenon was dose dependent, requiring approximately 108 plaqueforming units of virus per 2 X 106 lymphocytes. The interferon was stable to pH 2.0 treatment, was produced in moderately high levels (>1,000 units), and met many of the criteria for classification as a type I interferon. Heat-inactivated MVL2 lost its ability to induce interferon, whereas ultraviolet-inactivated virus retained its capacity to induce levels comparable to untreated virus. Whereas the MVL2 used in these studies was contaminated with several host cell proteins as determined by sodium dodecyl sulfate-containing polyacrylamide gel electrophoresis, the contaminants probably did not play a role in the induction because isolated cell membranes or soluble cell contents from Acholeplasma laidlawii are inactive as inducers. Also presented in this report is a preliminary description of the structural polypeptides of MVL2.
Numerous viruses, intracellular single-celled organisms, synthetic and naturally occurring nucleic acids, endotoxins, polysaccharides, and synthetic polymers have been shown to elicit an interferon response in vivo (9) . Studies in our laboratory have shown that a wide variety of Mycoplasma species induce interferon in mice and in cultured sheep and human peripheral blood lymphocytes (2, 18, 19) . Certain strains of Acholeplasma laidlawii, a non-sterol-requiring member of the Mycoplasmatales, were also shown to induce low levels of interferon in these systems. The recent discovery that A. laidlawii harbors three distinct virus groups (4) (5) (6) (7) 12) , MVL1, MVL2, and MVL3, prompted us to investigate the role of these viruses in interferon induction by this organism. In preliminary experiments, MVL1 and MVL3 as well as their host strain of A. laidlawii consistently failed to induce detectable levels of interferon in human and sheep peripheral blood lymphocytes. In the present report we N. Gourlay and -maintained in continuous culture in tryptose phosphate broth (Difco Laboratories, De- troit, Mich.) supplemented with 2% (vol/vol) PPLO serum fraction (Difco) and containing 1,000 U of penicillin per ml. The acholeplasmas were assayed as colony-forming units on tryptose agar plates consisting of 2% (vol/vol) tryptose (Difco), 0.1 M NaCl, 0.85% (wt/vol) Difco purified agar, 1% (wt/vol) glucose, and 2% (vol/vol) PPLO serum fraction, and buffered to pH 8 .0 with 0.04 M tris(hydroxymethyl)aminomethane. Crude membranes of 1305 were prepared by repeated sonic disruption of cells suspended in distilled water. The membranes were separated from soluble cytoplasmic components by centrifugation (48,000 x g). The supernatant from this centrifugation was saved and designated "cell contents." The protein concentration of the cell contents was measured by the Lowry procedure (14) and adjusted to a final concentration of 1.5 mg/ml. The membranes were washed with distilled water an additional five times, and their protein contents were adjusted to 3.0 mg/ml. Alternatively, membranes were prepared by the procedure of Razin et al. (17) . Briefly, this method consisted of suspending the acholeplasmas from a log-phase culture in distilled water. The suspension was then centrifuged (20, (18, 19) .
Preparation of peripheral blood lymphocytes. Sheep peripheral blood lymphocytes were separated from polymorphonuclear leukocytes and erythrocytes by centrifugation of a heparinized (10 U/ml) sample of peripheral blood, diluted 1:1 with Eagle minimal essential medium supplemented with 0.3% glutamine and containing 100 U of penicillin per ml, through a Ficoll-Hypaque solution (2) . After centrifugation, the lymphocyte layer was removed, resuspended in 2 to 3 ml of minimal essential medium, and then centrifuged (200 x g) for 10 min. The cell pellet was then resuspended in 10 Interferon was assayed as previously described (19) and consisted of a 50% plaque reduction assay of VSV on a semicontinuous line of fetal lamb kidney cells. All samples of interferon were adjusted to pH 2.0 for 24 h, then returned to pH 7.0 before assay. The units of interferon were expressed as the reciprocal of the dilution of interferon that produced a 50% reduction of plaques. The (19) .
In another experiment shown in Fig. 1 tiated from interferon-inducing capacity as evidenced by the effect of ultraviolet treatment, which reduced infectivity about 100,000-fold yet had no effect on the ability to induce interferon. Partial neutralization of approximately 100-fold of infectivity by specific antiserum had no effect on the induction phenomenon.
Components of virus responsible for interferon induction. Although we showed in a previous section that intact, viable A. laidlawii cells did not induce interferon, the possibility exists that interferon induction by MVL2 was due to the presence of a contaminating subcellular component of the acholeplasma host cell. Contamination of the virus preparation with membranes was considered because the density of MVL2 virions (7) and that of mycoplasma membranes (21) are similar, rendering their separation during purification on sucrose gradients difficult. To examine this problem, the polypeptide composition of the virus preparation and that of A. laidlawii membranes and cell contents were compared by sodium dodecyl sulfatepolyacrylamide gel electrophoresis. To adequately compare the full range of molecular weight species present in the virus and the acholeplasmas, gels ranging in concentrations from 7.5 to 12.5% were used. Figure 2 shows a representative 12.5% gel on which are indicated the polypeptides thought to be virus-specific structural proteins.
The partially purified virus used to induce interferon contains six to seven unique polypeptides ranging in molecular weights from 17,000 to 79,000. However, also present in the virus preparation are several major and minor polypeptides that appear to co-migrate with polypeptides present in both cell membranes as well as cell contents of A. laidlawii. Thus, the possibility exists that a contaminating acholeplasma cell component present in the virus preparation is responsible for the induction phenomenon. To test this, we examined the ability of two different preparations of A. laidlawii membranes as well as cell contents to induce interferon in sheep lymphocytes. As shown in Table 4 , none of these preparations induced interferon, thus further suggesting that the virus is the critical component responsible for interferon induction.
Fate of virus after induction. An important question with respect to the mechanism of interferon induction by MVL2 is first, whether the virus remains intact, and second, whether the virus is able to replicate in the sheep lymphocyte cultures. In three separate experiments we measured the virus titers in the supernatants of the cell cultures at zero time and again at 48 h. In one such case the virus titer in the supernatant at the beginning of the experiment was 1.0 x 108 PFU/ml. After 48 h, the virus titer was 8.6 x 106 PFU/ml. In no case did we detect an increase in the virus titer from 0 to 48 h. In all three cases the virus titer dropped approximately 10-fold after 48 h. Thus, it seems clear that the virus remains relatively intact and does not undergo or.
FIG. 2.
Structural polypeptides of MVL2 determined by electrophoresis on a 12.5% sodium dodecyl sulfate-polyacrylamide gel. Track 1, Soluble cell contents of A. laidlawii after removal of membranes; track 2, membranes isolated from A. laidlawii by sonic lysis of cells; track 3, partially purified MVL2; tracks 4 and 8, more highlypurified MVL2 with virusspecific polypeptides (VP) indicated along with their approximate molecular weights; and tracks 5 through 7, molecular weight markers: bovine serum albumin (BSA), 68,000; ovalbumin (Oval), 43,000; and a-chymotrypsinogen (Chymo), 25,700. DISCUSSION The data of this report show that MVL2, an enveloped DNA-containing virus isolated from A. laidlawii, is able to interact with sheep lymphocytes in vitro, resulting in the production of interferon. The interferon induced by MVL2 meets many of the standard criteria for classification as a type I (9) interferon. It is produced in moderate to high levels (>1,000 units), and its kinetics of appearance are similar to induction of type I interferon in lymphocytes by other agents (22) . Sera from several sheep contained no detectable neutralizing antibody activity to MVL2 (unpublished data) making it unlikely that the interferon induction was mediated by an immune phenomenon.
Although the mechanism of induction of interferon by MVL2 is not resolved in this study, it appears reasonably clear that the virus and not a contaminant from the host acholeplasma is responsible for the phenomenon. Even though the partially purified virus preparations contained polypeptides that were probably of host origin, these are not likely to be the active agents because membranes or cell contents prepared from uninfected A. laidlawii did not induce interferon.
In this study, heat inactivation of MVL2 resulted in a decrease of the ability of the virus to induce interferon. Although the effect of heat on MVL2 is unknown, possibly the structural architecture of the virus was destroyed, thus decreasing the interaction ofvirus and lymphocyte. We were able to separate virus infectivity from interferon-inducing capacity by ultraviolet inactivation of the virus. The results of this experiment suggest that a fully functional viral genome is unnecessary for the induction process. Although we do not know the exact mechanism of the ultraviolet inactivation of MVL2, it probably resulted in an inactivation of the virus genome rather than an alteration of the structural integrity of the virus because the amount of ultraviolet irradiation used was considerably less than those levels that have been reported to alter or destroy structural proteins of other viruses (13, 15 The mechanism by which MVL2 induces interferon could be related to the virus genome in one of several ways. First, the viral DNA itself could cause the induction. Second, the virus could be contaminated with DNA-RNA hybrids from the infected host. Third, the virus could initiate an abortive replicative cycle in the lymphocyte, perhaps generating a nucleic acid hybrid capable of stimulating the induction process. These possibilities are currently under investigation.
The induction of interferon by MVL2 may also be dependent upon a specific interaction of the viral envelope with the membrane of the lymphocyte. Our preliminary studies on the polypeptide composition of MVL2 provide a basis for future studies to determine the nature of the envelope-membrane interaction as well as to further define the molecular structure of MVL2. A preliminary study of 
